Background-Socioeconomic inequalities in health are ubiquitous in developed countries; however, whether these inequalities differ between women and men over time is less clear.
INTRODUCTION
Inequalities in health between women and men are a consequence of biological differences relating to sex and social differences produced by gender roles, opportunities and beliefs. [1] It is widely accepted that women have greater life expectancy than men, but suffer more morbidity; [2] however, emerging evidence suggests that the pattern of inequality is more variable and may depend on the choice of health indicator and the age groups examined. [3] [4] [5] [6] [7] [8] [9] Socioeconomic inequalities in health are equally well-described in most developed countries, with those more disadvantaged displaying worse health. [10] [11] [12] [13] [14] [15] [16] [17] Similar to sex and gender, the extent and direction of socioeconomic inequalities are also variable. Some dimensions of health do not show simple or consistent patterning by socioeconomic position (SEP), others have flatter gradients, some show complex interaction patterns by age and sex [10, 15, 17] and several measures display cross-national variability. [11, 13] Compared to men, however, women generally experience poorer socioeconomic circumstances [18] and greater morbidity. [2] The study of the intersection of these two dimensions of social inequality, namely sex/ gender differences in socioeconomic inequalities in health, is relatively rare. [8, 19] It has been generally contended that women exhibit shallower socioeconomic gradients than men; [20] [21] [22] however, this perspective has been called to question by studies that show more variable patterns. [5, 8, 9, 18, [23] [24] [25] [26] [27] [28] [29] [30] [31] Assessing multiple outcomes over time, one study indicated that males indeed had steeper relative income gradients for high blood pressure, self-rated health, depression, heart trouble, trouble breathing, trouble feeding and sick days. [10] Another study found no longitudinal relative gradient differences between women and men based on occupational class; however, steeper male gradients based on education were present for chronic illnesses and respiratory symptoms and steeper female gradients were present for self-rated health and psychological distress. Furthermore, no education gradient differences were observed for asthma, obesity and height. [8] Longitudinal studies that employed only one outcome showed stronger relative female gradients for heart disease [23, 25] and depression [18] based on income [23, 25] and education, [18, 25] and similar incomemortality gradients for both sexes. [24, 31] Few studies have examined the evolution of sex/gender and socioeconomic differences in health over time and have been able to account for changes in the multiple correlates of health, sex/gender, and SEP. The goal of this study was to estimate the potentially different health effects of changes in SEP for working-age women and men over a 10-year period. Using a longitudinal dataset that includes a number of potential time-dependent confounders (social structure, behavioural and psychosocial characteristics) and a longitudinal analysis that accounts for measured and unmeasured time-invariant within-individual characteristics, we examined the moderating effect of sex/gender on the relationship between SEP and health over time among middle-aged adults. Three main questions were addressed: 1) are there health differences between women and men over time, 2) do changes in socioeconomic position lead to health inequalities and 3) do changes in socioeconomic position impact health differently for women and men?
METHODS

Sample
Data were obtained from the Canadian National Population Health Survey (NPHS), a nationally representative longitudinal household survey conducted by Statistics Canada. [32] Selected using multistage sampling, respondents were contacted every two years from 1994/95-2002/03 at the time of analysis. The overall response rates were: Cycle 1: 83.6%, Cycle 2: 92.8%, Cycle 3: 88.2%, Cycle 4: 84.8%, Cycle 5: 80.6%. The Cycle 1 response rate is based on the 20,095 persons initially selected to form the longitudinal panel, while the response rate for subsequent cycles is based on the 17,276 individuals who form the longitudinal panel. Cyclically adjusted sampling weights were used to account for nonresponse and attrition. As socioeconomic inequalities have been found to be strongest among middle-aged adults [8, 11, 15, 33] , we focussed on working-aged participants aged 25-54 years in wave 1. After 10 years of follow-up, the oldest cohort members were 64 years of age and the legal retirement age in Canada is 65. We chose 25 as the minimum age because individuals are likely to be finished their education and entering the work-force by this time. Only participants with complete data at all three waves (N = 3522) were kept in the final sample for analysis (figure 1).
Health Outcomes
Health was assessed using four indicators. First, was the number of chronic conditions (NCC), derived as a count of the number of long-term physician diagnosed chronic health conditions that had lasted or were expected to last six months or more. These include, asthma, fibromyalgia, arthritis or rheumatism, back problems, high blood pressure, migraine or headache, food or other allergies, bronchitis or emphysema, sinusitis, diabetes, epilepsy, heart disease, cancer, stomach or intestinal ulcers, effects of stroke, urinary incontinence, and acne requiring prescription medication. Second, self-rated health (SRH) was measured by a five item question that asked respondents to rate their own health on a 5-point scale from excellent (5) to poor (1) . Third, functional health was measured using the Health Utilities Index-3 (HUI). The HUI score is based on a combination of eight sub-scales: vision, hearing, speech, mobility, dexterity, cognition, emotion, and pain/discomfort. Scores are defined on a scale anchored by dead=0.000 and perfect health=1.000 in increments of 0.001; however negative scores, with a minimum of -0.360, are also possible. [34] Negative scores represent states of health where respondents are deemed clinically alive, but lack all functional capacity to participate in social life (e.g. being in a coma and on mechanical life support). Finally, psychological distress was measured by a subset of items from the Composite International Diagnostic Interview (CIDI). Respondents were asked, during the month prior to the interview how often did you feel: (1) so sad that nothing could cheer you up; (2) nervous; (3) restless/fidgety (4) hopeless; (5) worthless; and (6) everything was an effort. Possible responses ranged from 0 (none of the time) to 4 (all of the time); therefore, composite scores ranged from 0 to 24 (higher scores indicate more distress). All four measures of health were treated as continuous and linear. Sensitivity analyses using different model specifications (e.g. log transformed) showed similar results.
Socioeconomic Position
Socioeconomic position (SEP) was assessed by income adequacy, highest level of education, and employment status. Income adequacy was calculated as the dollar distance between the individual's gross equivalized household income in the past 12 months and the Canadian low-income cut-off (calculated annually to reflect inflation), adjusted for household size. Analyzing income adequacy as quintiles and as a dichotomous variable yielded similar results, thus for ease of interpretation the binary variable was deemed preferable. Highest level of education was categorized as individuals who did not complete secondary school (reference), secondary school graduate (coded as 1) or post-secondary graduate (2) . Again, using a greater number of categories did not affect the final results. Finally, employment status was treated as a dichotomous variable that compared individuals who were employed to those who were inactive in the workforce (out of work, retired, disabled) during the past 12 months. Given the age of this cohort, the vast majority of individuals were employed and thus finer categorizations were not possible due to statistical imprecision. Moreover, a main activity variable was not collected at all waves and thus we were unable to identify individuals whose main daily task was housework and/or child rearing. The variance inflation factor (VIF) of these variables did not indicate a problem with multi-collinearity: all VIF scores were less than five.
Covariates
Following previous research, [2] variables from three broad categories of social determinants, social structure, health-related behaviours, and psychosocial factors, were included as timedependent controls. These factors were found to vary by gender and to differentially contribute to the health of Canadian women and men in the first wave of the NPHS. [2] Social structure was measured by age, marital/partner status, household size, and social support. Health-related behaviours were represented by physical activity, body mass index (BMI), and smoking. Respondents' psychosocial factors were assessed with the adjusted specific chronic stress index (number of stressors related to activity overload, financial difficulties and problems with relationships in day-to-day encounters; adjusted for personal/ family situation) and sense of mastery index (measures the extent to which individuals believe that their life-chances are under their control); however, these indices were only measured during cycles 1, 4 and 5. Sensitivity analyses were performed to compare models with the full range of covariates, except chronic stress and mastery, using all five cycles of data to models using only three cycles of data. The results were similar, so analyses were restricted to cycles 1, 4 and 5 in order to incorporate the psychosocial dimension. The appendix provides further details on the measurement of each covariate.
Statistical Analysis
To describe the data for each cycle, weighted means and 95% confidence intervals were computed for each health outcome and weighted means and proportions were produced for each independent variable separately for women and men. In addition, the health outcomes and SEP of individuals who were excluded from the sample, but contributed some data, were also described in cross-section. The longitudinal analytic strategy entailed a three step process using Generalized Estimating Equations (GEE) regression models, also known as population averaged models. With GEE, the effect of a given exposure is interpreted as the effect on the average person, or a person selected at random from the population. To adjust for the correlation of individuals' responses over time, GEE models utilize information from the factors that are constant within an individual, in addition to factors that are similar between individuals, to estimate the regression parameters. [35] The within-person correlation may be thought of as time-invariant individual propensity (measured and unmeasured) to develop illness. As such, biological susceptibility to poor health (genetic make-up, sex hormones, foetal development, etc.) as well as early life course factors known to impact adult health (childhood development, socialization into gender roles, parental and childhood SEP, etc.) were controlled for. Since aspects of both biological differences (sex) and social differences (gender) were accounted for in this analysis (inherently by GEE or with time-dependent controls), the variable used to differentiate women and men is termed sex/gender [36] in this paper.
The first step in the analysis was to evaluate longitudinal differences in health between women and men using age-adjusted and fully adjusted (structure, behaviour, and psychosocial) GEE models. Second, similar models were used to examine longitudinal health inequalities produced by changes in SEP. Finally, women's and men's differences in socioeconomic inequalities were examined by including a multiplicative interaction term for sex/gender and each of the SEP variables in both age-adjusted and fully adjusted models. Separate models for women and men were planned if any of the interaction terms were statistically significant at α-level < 0.05.
To test the strength of the relationships, age-adjusted and fully adjusted interaction models were also computed using two other types of longitudinal regression, random effects and fixed effects. GEE and random effects both account for correlated data using within and between-individual information, whereas fixed effects use only within information and thus completely attribute the correlation of responses to the time-invariant characteristics of each person. Conclusions based on these models were similar to GEE. Analyses were performed using Stata SE 9 statistical software. [37] 
RESULTS
Overview of the Data in Cross-Section
To get an overview of what is being modelled over time, Figure 2 contains the crosssectional weighted means and 95% confidence intervals for the four health outcomes. It shows that the number of chronic conditions increased, self-rated health became worse, the health utilities index increased and then decreased, and mental distress lessened as the cohort aged. Overall, men had better health than women for each outcome, though the confidence intervals overlapped during some cycles. Table 1 displays the cross-sectional trends in SEP, structure, behaviour and psychosocial variables across survey waves. With regards to SEP, the proportion of individuals in the low income category decreased for both women and men over time, there were few transitions between education categories, and the proportion of employed individuals decreased for women, while it increased for men. Cross-sectional weighted means of the health outcomes and SEP proportions are presented in table 2 for those participants excluded from analysis because of incomplete data. Excluded individuals appeared to have worse health and lower SEP than those individuals who were analyzed. A sensitivity analysis was performed to compare GEE results of all eligible individuals except those missing for all three cycles (n=95) to the restricted sample (complete data for all three cycles). The results were similar.
Effects of Sex/Gender and Changes in SEP on Health Over Time
In age-adjusted models, statistically significant differences in health between women and men were observed over time: men had fewer chronic conditions, higher HUI scores, and less mental distress than women, though there were no sex/gender differences in self-rated health ( Table 3 , model 1). Taking chronic conditions as an example, the average man in the population had 0.476 (95% CI -0.577, -0.376) fewer chronic conditions over the 10-year period than the average woman. In addition, people who experienced an increase in SEP over time had better health, and similarly those who decreased had worse health (Table 3 , model 2). Those who changed from middle/high household income to low income had worse SRH and HUI scores, as well as more psychological distress compared to those who maintained their income level. Individuals with less than a high school education who attained their high school diploma or a post-secondary degree reported fewer chronic illnesses and better SRH and functional health than those who did not go back to school. Finally, those who became employed reported fewer chronic illnesses, rated their health to be better, had fewer functional limitations and suffered less mental distress than those who remained out of work, disabled, or retired.
Concurrently modeling sex/gender and SEP, while adjusting for social structure, health behaviours, and psychosocial characteristics, yielded similar results to the age-adjusted models for the number of chronic conditions and psychological distress, though not for SRH and HUI (Table 3 , model 1+2). For HUI, significant disparities in sex/gender, income and education disappeared once fully adjusted. In addition, income and high school education no longer significantly predicted SRH in the fully adjusted model, although post-secondary education was still significant. Employment status, however, remained an important predictor for both SRH and HUI.
Interactive Effects between Sex/Gender and Changes in SEP on Health Over Time
Overall, the interaction terms between sex/gender and SEP were not statistically significant in either age-adjusted or fully adjusted GEE models (table 4). As significant differences between women and men were not present in the fully adjusted models for either SRH or HUI, the results for the interaction between sex/gender and SEP (also non-significant) are not shown. In addition, interaction models using random effects and fixed effects regression were mainly similar (results not shown).
DISCUSSION
The health of men and women in this nationally-representative sample of Canadians was not differentially impacted by changes in SEP, though both sex/gender and changes in SEP independently affected health. For the health outcomes examined here the magnitude of the effects of declining (or improving) SEP was similar for Canadian men and women. Poorer health across all outcomes, however, was observed for women, those whose income levels declined, those who did not finish at least high school, and those who were inactive in the labour force. After controlling for time-varying social structure, health-related behaviours and psychosocial factors, these effects persisted only for chronic conditions and psychological distress
Previous Research
The widely accepted view that men have generally steeper socioeconomic gradients in health than women [20] [21] [22] was not supported by this investigation or several other longitudinal studies. [8, 18, [23] [24] [25] 31] Men's steeper gradients, when observed, have often been attributed to either methodological artefact or the differential exposure/vulnerability of men and women to the determinants of health. [2, 3, 20, 38] The lack of differential gradients in the NPHS may be partly explained by the control of both differential vulnerability and exposure in this analysis. The GEE models accounted for time-invariant illness propensity through the inclusion of within-individual information to adjust for correlated data. In addition, multiple time-dependent variables related to gender, namely social structure, health-related behaviours, and psychosocial factors, controlled for many of women's and men's differences in social exposures that may have arisen over the course of the survey. If the steeper socioeconomic gradients observed among men in previous studies were largely due to uncontrolled gender differences in vulnerability or exposure, it is understandable that we did not observe such gradient differences.
The possibility of methodological artefacts contributing to these findings must also be considered. Differences in reporting between women and men and socioeconomic groups have often been thought to contribute to gradient differences (or similarities). [40] [41] [42] As reporting bias is an inherent problem to survey research, Statistics Canada has used the best available measures to help minimize differential reporting in the NPHS. [32] Moreover, recent research has claimed that the threat of reporting bias is smaller than originally thought. [40] [41] [42] Sex/gender differences in socioeconomic gradients may also be the result of choices in measures of SEP and/or health outcome. [8, 21] However, despite using three measures of SEP (which were not found to be multi-collinear) and four measures of health, men did not exhibit steeper gradients. Furthermore, finer categorizations of SEP displayed similar results.
Implications of the Study
The results of this study do not preclude the possibility of differences in socioeconomic inequalities among women and men in Canada. Given the boundaries of observational research and the measurement of health and SEP in the NPHS, it is possible that sex/gender differences in socioeconomic gradients have gone undetected. However, given that results were robust to three different types of models using a large sample over a 10-year period, it is unlikely that Canadian men and women experience socioeconomic mobility differently.
One possible explanation for the lack of gradient differences is that this study reflects a context-specific situation, whereby SEP affects middle-aged Canadians similarly in 1994-2003 because of some unmeasured cohort effects. Individuals in this study were born between 1939 and 1959: Canadian women of this age group have attained similar education levels to men and are well-represented in the paid workforce. [43] In contrast, a British study that observed steeper socioeconomic gradients for men in the 1990s noted that women were often financially dependent on their male counterparts, 25-64% were housewives, and among those women who were employed, nearly half worked part-time. [44] Whereas SEP may not have as much of an impact on the health of British women, because of their relatively lower participation in the workforce, SEP may in fact have a similar meaning to the health of middle-aged Canadian women and men given their more similar involvement in the paid labour market.
Our study however, was not designed to answer this specific question: first, because our employment variable contrasted employed individuals (full or part-time) with those who were either out of work, retired or disabled, and second because it dealt only with the Canadian context. Future Canadian studies on this topic should use finer-grained categorizations of labour force participation, as our dichotomy may have obscured gender differences in full-time versus part-time and domestic work, as well as retirement (after ten years of follow-up, the oldest members would have been 60-64 years old); women are more likely to engage in part-time and domestic work [22] and take early retirement. [45] However, the true test of these effects is likely to only come from cross-national studies, which should examine whether differential (or similar) involvement in the paid labour market along those heterogeneous statuses may be at the root of these international inconsistencies in gender differences in socioeconomic inequalities in health. At the very least the results of our study emphasize the importance of re-examining over-generalized patterns in different historical and national contexts.
The lack of gradient differences between men and women in the NPHS may also be a consequence of the nature of the research questions examined. Previously observed crosssectional sex/gender differences in socioeconomic inequalities may reflect baseline differences between men and women that may or may not persist over time. In contrast, the relationship of interest in longitudinal studies is the health impact of changes in SEP over time. Hence, it is possible that men and women indeed have different socioeconomic gradients at any given point in time (with men more often exhibiting stronger inequalities), although a change in SEP may not affect the health of men and women differentially. Crosssectional and longitudinal research address very different questions and both types of analyses contribute to our understanding of the embodiment of SEP.
Strengths and Limitations
The major strengths of this research lie in the design of the survey and the methods of analysis employed. With respect to design, the NPHS is longitudinal, has a large sample size, is nationally representative, and makes use of extensively validated instruments for data collection. The statistical modeling techniques included weighting of the data, robust standard error correction, and testing for model misspecification. In addition, comparisons of the chosen longitudinal model, GEE, to other available models (i.e. fixed effects and random effects) yielded similar results.
This study, however, is not without its limitations. These are observational data spanning only ten years of follow-up. However, the inclusion of multiple time-dependent controls, in addition to using longitudinal models which account for within-individual heterogeneity, was an effort to reduce the likelihood of confounding, which is a common threat to observational studies. Another point of consideration is that time lag between SEP and the development or incidence of a given health outcome was not addressed.
As in any large-scale longitudinal survey, non-response and sample attrition may lead to selection bias if those who do not respond or who drop out of the survey are not representative of the target population. Multi-stage stratified probability sampling of participants and the use of cyclically adjusted sampling weights were an attempt to best reflect the 1994 Canadian population. Finally, information or misclassification bias could be problematic, as the data are self-reported; however, the NPHS has taken measures to help reduce misclassification [32] and the severity of this bias is contested in controlled research settings. [40] [41] [42] If present, it is difficult to know whether, confounding, selection bias, and/or misclassification would lead to an attenuation or an increase in the observed effect size. [46] Conclusions Although sex/gender and changes in SEP both independently impact the health of middleaged men and women in the NPHS over time, there is no evidence to suggest that men embody changes in SEP to a greater extent than women. The absence in this study of the assumed "general pattern" of men's steeper socioeconomic gradients [20] and its inconsistency in other longitudinal studies, highlight the need for more longitudinal research in other settings using similar datasets and modeling techniques. In addition, analyzing socioeconomic inequalities in health by specific roles, attitudes or opportunities (which may be typified by sex/gender, but are not restricted to either men or women) may elucidate what exactly about being a man or woman may result in differential socioeconomic gradients.
APPENDIX: MEASUREMENT OF COVARIATES IN THE NATIONAL
POPULATION HEALTH SURVEY, 1994-2003
Social Structure
Age
Continuous Age on the day of interview in 1994
Marital/partner status Binary 0 = married, common-law, living with a partner, 1 = single (nevermarried), widowed, separated, divorced
Household size Continuous Number of individuals living in the household
Social Support
Ordinal 0-4 Cycles 1& 2, social support was measured by the perceived social support index which is composed of four items on whether respondents feel that they have someone they can confide in, someone they can count on, someone who can give them advice and someone who makes them feel loved. In cycles 3-5, social support was measured by four separate indices, corresponding to each of the four items that the perceived social support index measured. These indices were summed and quartiles were calculated to be able use a similar 0-4 scoring method as the perceived social support index in cycles 1&2.
Health-related Behaviours
Physical activity Ordinal 1-3 Active (amount of exercise required for cardiovascular benefit), moderate (some health benefits, but no cardiovascular benefit), and inactive categories were derived from a continuous variable that calculated the energy expenditure (frequency, duration, MET value) for a range of leisure activities. 
Body mass index
Smoking (Pack-years) Continuous
Pack-years (number of packs smoked per year x the number of years smoked) were computed from multiple variables in the dataset, including data for current, former, occasional, and never smokers
Smoking (Never smoked) Binary As the pack-years variable was highly skewed towards 0, an additional control was created to account for those that never smoked. 1= never smoked 0 = smoker in any capacity
Psychosocial Factors
Chronic stress Ordinal 0-16 This index measures the total number of stressors respondents were exposed to. The range of the final score (as well as the number of questions) varies as a function of the respondents' personal situation. What is already known • Sex/gender and socioeconomic inequalities in health are ubiquitous in developed countries: women and those with lower socioeconomic position tend to have higher morbidity.
• Examining the potentially different health impacts of changes in socioeconomic position over time is necessary to help resolve the debate on whether men exhibit steeper socioeconomic gradients than women.
What this study adds •
Middle-aged Canadian men and women do not differentially embody changes in socioeconomic position, though both gender and changes in socioeconomic position independently impact health.
•
These results demonstrate the importance of re-examining over-generalized patterns in different contexts. Adjusted for structure (age, marital/partner status, household size, social support), behaviour (physical activity, BMI, smoking), and psychosocial (chronic stress, mastery) Table 4 GEE point estimates and 95% confidence intervals of changes in health due to interaction effects between gender and changes in socioeconomic position among working-aged Canadian women and men in the National Population Health Survey, 1994-2003. N = 3522. Adjusted for structure (age, marital/partner status, household size, social support), behaviour (physical activity, BMI, smoking), and psychosocial (chronic stress, mastery)
